Research Station, Agricultural Research Center (ARC), Giza, Egypt, representing the newly reclaimed desert land of North West, Egypt in Nubaria, which located at 46 Km South West of Alexandria city to study the effect of irrigation regimes and NPK fertilization, earliness parameters, seed cotton yield, its components of Egyptian cotton (Gossypium barbadense L.) cultivar Giza 94 was used which represent long staple Egyptian cotton category in the two summer growing seasons of 2017 and 2018. The experimental design was a split-split plot with four replications, where the irrigation regime treatments were allocated to the main plots and the sub-main plots included NPK fertilization, while foliar application treatments were taken place in sub-sub plots, where irrigation regimes were irrigation at 50% depletion of available soil moisture. (I1), irrigation at 70% depletion of available soil moisture (I2) and irrigation at 90% depletion of available soil moisture (I3). While NPK-fertilizer rates were 100% of NPK recommended doses (75 kg N, 31 P 2 O 5 and 48 K 2 O/fad.), 75% of NPK recommended doses (56.3 kg N, 23.3 P 2 O 5 and 36 K 2 O/fad.) and 50% of NPK recommended doses (37.5 kg N, 15.5 P 2 O 5 and 24 K 2 O/fad.). Foliar application treatments were control (water), potassium silicate (two times at the rate of 1 kg/fad., before flowering and two weeks later), extractable mixed of algae, amino acids and micronutrients (two times at the rate of 1 L/fad., before flowering and two weeks later).The results revealed that growth and yield attributes of cotton were affected by water stress under NPK fertilization and foliar application, in this respect the highest value of growth, yield characters were achieved under irrigation regime (50% depletion of available soil moisture) and recommended dose of NPK and foliar application of Algal extracts + amino acids + micronutrient) under Nubaria conditions.
INTRODUCTION
Cotton area and production are decreasing from one year to another. In Egypt, it is cultivated in an area of 170.000 fad., with a yield of 6.75 kentars/fad. Cotton area was about 6.832 and 4.738 faddans in West Nubaria Region and Alexandria Governorate, respectively. However, it is cultivated in 81.13 million acres with average yield of 644 Lbs/acre in the world (FAO, 2016) .
Water is a vital factor for plant growth, development, productivity and quality. So, irrigation level affected significantly cotton plants, with plant height in a range from 56.8 to 105.5 cm. Hussein et al. (2011) found deficit irrigation at around 80% of full irrigation had the potential to save water and could be a proper irrigation level for producing cotton in arid areas. The close irrigation interval (every 15 days) increased number of days from planting to first flower, days to first opened boll and boll age and consequently decreased earliness percentage as compared to wide irrigation interval (every 21 days). They added that irrigation every 21 days gave the highest mean reported that among fertilization rates, maximum number of opened bolls/plants, boll weight and yield/ fad., were recorded with using of high fertilizer rates.
Seed cotton yield significantly enhanced by increasing N application rate. The highest seed cotton yield (4363 kg/ha) was recorded in a case of 200 kg N/ha treatment and there was no significant difference between 200 and 300 kg N/ha treatments (Singh et al., 2010). Awad (2012) studied the effect of full recommended doses of NPK (75 kg N, 31 kg P 2 O 5 and 48 kg K 2 O/faddan) vs. seven bio-fertilizer + half the amount of the recommended doses of NPK (37.5 kg N, 15.5 kg P 2 O 5 and 24 kg K 2 O/faddan) on cotton yield, they found that there were significant effects (P< 0.05) due to mineral biofertilization treatments on all plant growth attributes, all earliness parameters, all yield components expect number of plants at harvest/ faddan, lint (%), fiber length in both seasons and fiber strength and fiber fineness, only in one season. They added that the interaction effects was significant for the most of characteristics, it is obvious that application of Microbein and Potassiomage bio-fertilizers with half the amount of the recommended doses of N, P and K under the high level of farmyard manure (F Y M) significantly increased yields of seed cotton/ faddan (9.32 and 7.89 kentars) in both seasons, respectively Dry matter yield, number of opened bolls/plant, boll weight, seed index, lint index, seed cotton yield/plant, seed cotton and lint yield/ha and earliness of harvest were increased with the application of K, Zn and P (Sawan, 2014).
Phosphorus (P) is an essential nutrient required for structural and metabolic functions. It is mobile element in the plant as that young leaves or developing bolls can be nourished from the labile P of older tissues; i.e., P is redistributed from older to younger parts (Cox and Barnes, 2002; Crozier et al., 2004) . P-is the second nutrient in cotton production after nitrogen. It is a constituent of cell nuclei, essential for cell division and development of meristematic tissue (Russell, 2001 ) and has known effect on photosynthesis as well as synthesis of nucleic acids, proteins, lipids and other essential compounds (Guinn, 1984; Taiz and Zeiger, 1991).
Potassium (K) is essential for the growth and development of cotton crop. It is vital for many of the enzyme systems in plants. Potassium enhanced water efficiency, affects the speed of value almost all plant biological systems, and affects fiber properties such as micronair, length, and strength. In addition, K also plays a significant role in photophosphorylation, turgor maintenance, photoassimilate transport from source tissues via phloem to sink tissues, stress tolerance and enzyme activation in plants. Crops translocate potassium to all parts of plant and in turn yield per plant is increased. The uptake of potassium increases during early boll set with some 70% of total uptake occurring after first bloom (Ashfaq et al., 2015) . K-treatments had a significant effect on plant height at harvest, No. of sympodia/plant, and first sympodia/position. There was a significant effect on days to first flower appearance as well as to first opened boll, number of opened bolls/plant, boll weight, seed cotton yield per plant and per fad. Foliar spray of 2.4 kg K 2 O/fad., three times at squaring, start and peak of flowering stages, respectively, significantly increased No. of opened bolls/ plant, boll weight, seed cotton yield/plant and seed cotton yield/fad (Abou-Zaid et al., 2009).
Algae extracts has beneficial effects on growth and stress adaptation. Algal extracts and other compounded mixtures have properties beyond basic nutrition, often increasing growth and stress tolerance. Non-pathogenic bacteria capable of colonizing roots and the rhizosphere also have a number of positive impacts. These impacts included higher yield, increased nutrient uptake and use, increased photosynthetic activity, and resistance to biotic and abiotic stresses (Van Oosten et al., 2017). The seaweed extract (SWE) has recently gained much confirmation as foliar application for inducing faster growth and yield of plants (Dwivedi et al., 2014). Use of seaweed extracts has gained popularity due to their potential use inorganic and sustainable agriculture (Layek et al., 2015) . SWE have been largely used for similar purposes. SWE increased fresh weight, and dry weight in spinach plants under drought stress with some adverse effects on the nutritional value through reduced ferrous ion chelating ability (Xu and Leskovar, 2015) . Foliar application of potassium silicate can provide reduction in water stress effects. Its application resulted in reduction from 32,7% to 21.6% in the number of eggs laid on papaya from 29.5% to 14.1% (Silveira, 2013) . Potassium silicate (K 2 O 4 SiO 2 ) caused very good results to improve the growth and yield of plants under water and saline stress conditions (Salim, 2014).
The best concentrations of macronutrients were obtained by the algal extract or the higher dose of the micronutrient fertilizer. However, the best uptake, nutrient balance and dry matter accumulation was recorded by combined algal extract and micronutrient fertilizer treatment The objective of this study was to investigate the effect of irrigation regimes and NPK fertilization and their interaction on growth, yield and its components of Egyptian cotton.
MATERIALS AND METHODS
Two field experiments were carried out at the Farm of Nubaria Agricultural Research Station, Agricultural Research Center (ARC), Giza, Egypt, representing the newly reclaimed desert land of North West, Egypt in Nubaria, which located at 46 Km South West of Alexandria city, the station coordinates are at 30 0 45 -N latitude and 29 0 30 -E longitude, it has an elevation of about 21 meters above the sea level. The present investigation was carried out to study the effect of irrigation regimes and NPK fertilization on, earliness parameters, seed cotton yield and its components of Egyptian cotton (Gossypium barbadense L.) Giza 94 cotton cultivar during 2017 and 2018 seasons.
Egyptian
clover Barseem (Trifolium alexandrinum L.) was the preceding crop in the two seasons, which was removed after two cuttings before bloughing. Barseem is a favorite crop before summer sowings especially, in newly reclaimed or calcareous soils. Tables  1 and 2 according to Chapman and partt (1978) and Page et al. (1982) . In both seasons, the soil texture was sandy loam, low content of organic matter, very high calcium carbonate and non-saline. The available amounts of macro elements were moderate for nitrogen, low for phosphorus and potassium. Regarding, available amounts of micro-nutrients Fe, Cu and Mn were of medium levels in the soil, while Zn and B existed in moderate amount. Initial soil physicochemical characteristics of the surface layer (0 -40 cm) for the two experimental seasons were determined and recorded in Tables 1 and 2 . Soil layer to 40 cm had a light texture of sandy loam with high content of total CaCo 3 (%) was 21.94 and 22.13% in 2017 and 2018 seasons, respectively, Soil pH around alkalinity ranged between 8.23 and 8.22. Soil of both seasons were non-saline (EC 1.84 and 1.79 dS/m) with low available NPK and organic matter content (0.25 and 0.27%) indicating their deficient fertility status. Soil moisture while available water was about 21.40% content to 40 The experimental design was a split-split plot with four replications, where the irrigation regimes treatments were allocated to the main plots and the sub-main plots included NPK fertilization, while foliar application treatments were taken place in sub-sub plots. The treatments were as follows:
Some physical and chemical analyses of the soil at the experimental Farm in Nubaria Agricultural Research Station is given in

1-Irrigation regimes (Main plots):
I1 Irrigation at 50% depletion of available soil moisture.
I2
Irrigation at 70% depletion of available soil moisture.
I3 Irrigation at 90% depletion of available soil moisture. T1 Control (water).
T2 Potassium silicate (two times at the rate of 1 kg/fad., before flowering and two weeks later).
T3 Extractable mixed of algae, amino acids and micronutrients (two times at the rate of 1 L/fad., before flowering and two weeks later).
The area of sub-sub-plot was 16.25 m 2 , in both seasons. Each sub sub plot was consisted of five ridges, 0.65 m apart and 5 m long each and a distance of 25 cm between hills.
The cotton plant seeds of Egyptian long staple cotton cultivar Giza 94 (Gossypium barbadense L.) at the rate of 30 kg/fad., were planted on 1 st and 10 th May in 2017 and 2018 seasons, respectively. Before the second irrigation, plants were thinned to two vigorous seedlings per hill. Hand hoeing was carried out three times, during the two seasons before the first, second and third irrigations, respectively. Other cultural practices either pest or weed control were followed during the two growing seasons as usual application in commercial production, recommended for South West Alexandria Region.
Cotton plants were irrigated, during the growing season, eight times in addition to planting irrigation according the irrigation regime at 15 days interval. The first irrigation (Mohayat) was applied after 21 days from planting.
Prior to land preparation, phosphorus fertilizer was added in the form of calcium superphosphate (15.5% P 2 O 5 ). Nitrogen fertilizer rate in the form of ammonium nitrate (33.5% N) was applied in two equal doses, the first dose was applied after thinning and before the second irrigation, and the second dose was added before the third irrigation. Potassium fertilizer was added before the 2 nd irrigation in the form of potasium sulfate (48%).
Applied of irrigation water treatments were started from the third irrigation (about 36 days from seed cultivation). The seasonal amount of applied irrigation water was calculation and illustrated in Table 3 .
The first pick of seed cotton yield was performed by hand, on September 22, while the second pick was on October 9 for the first season. The respective dates of picking for the second season were September 28 and October 15. The other standard agricultural practices for West Nubaria region were followed throughout the two growing seasons.
Plant height at harvesting (cm), Number of sympodia/plant, the first sympodial position in nodes, number of days from sowing to the first flower appearance (DFF), number of opened bolls/plant, Boll weight in grams, Seed-cotton yield (g/plant) and Seed-cotton yield/faddan in Kentar were studied (Kentar = 157.5 kg).
All collected data were subjected to analysis of variance according to Gomez and Gomez (1984) . All statistical analysis was performed using analysis of variance technique by means of CoStat computer software package (CoStat, Ver. 6.311., 2005). The least significant differences (LSD at 0.05) were used to compare the treatment means. Table 4 show the effect of the three factors i.e. irrigation regimes (A), NPK fertilization rates (B), foliar application treatments (C) and their interactions on plant height at harvesting (cm), number of sympodia/plant, the first sympodial position in nodes, number of days from sowing to the first flower appearance (DFF) and number of opened bolls/plant (DFB) in both seasons.
RESULTS AND DISCUSSION
The results showed that there was significant effect due to irrigation regimes on each of plant height at harvesting (cm), number of sympodia/ plant, the first sympodial position in nodes, number of days from sowing to the first flower appearance (DFF) and number of opened bolls/ plant (DFB), where the highest value for each of plant height at harvesting (cm), number of sympodia/plant, the first sympodial position in nodes were recorded with irrigation at 50% depletion of available soil moisture. Meanwhile, the lowest ones were obtained with irrigation at 90% depletion of available soil moisture. On the other hand, irrigation at 90% depletion of available soil moisture increased number of days from sowing to the first flower appearance (DFF) and number of opened bolls/plants ( The results in the same Table revealed the effect of NPK fertilization rates on plant height at harvesting (cm), number of sympodia/plant, the first sympodial position in nodes, number of days from sowing to the first flower appearance (DFF) and number of opened bolls/plant (DFB), whereas soil application of 100% NPK as recommended dose (RD) recorded the highest mean value for each of plant height at harvesting (cm) and number of sympodia/plant, while the lowest ones were recorded with 50 % from recommended dose of NPK which increased number of days from sowing to the first flower appearance (DFF) and number of opened bolls/ plants (DFB) in both seasons. These results are in harmony with those showed by The same Table showed the effect of foliar application, where foliar application with Algal extract + amino acids and micronutrients gave the highest value for each of plant height at harvesting (cm) and number of sympodia/plant, while the lightest , I3= Irrigation at 50, 70 and 90% depletion of available soil moisture, respectively, Mean values in the same column marked with the same letters are not significantly different, * = Significant difference, NS= not significant difference at 0.05 level of probability, Means of each factor designated by the same letter are not significantly different at 5% using least significant difference (LSD). The results in Table 4 reveal that there were significant interaction effects on some growth characters of cotton which will not discussed here.
The obtained results in Table 5 show the effect of the three factors i.e., irrigation regimes (A), NPK fertilization rates (B), foliar application treatments (C) and their interactions on boll weight, seed cotton yield/plant (SCYP) and seed cotton yield/fad., during 2017 and 2918 seasons.
The results showed that there was significant effect due to irrigation regimes on seed cotton yield/fad, where irrigation at 50% depletion of available soil moisture (I1) achieved the highest value for each of boll weight, seed cotton yield/plant and seed cotton yield/fad, meanwhile the lightest ones were observed with irrigation at 90% depletion of available soil moisture ( The results in the same Table revealed the effect of NPK fertilization rates on cotton yield and its attributes, whereas soil application of 100% NPK as recommended dose (RD) recorded the highest means of boll weight, seed cotton yield/plant (SCYP) and seed cotton yield/fad, while the lowest one was obtained with at 50% from recommended dose of NPK in both seasons. These results are in confirm with those showed by Emara ( The results revealed that irrigation at 50% depletion of available soil moisture with foliar application of Algae extracts + amino acids + micronutrients achieved the highest value of seed cotton yield/ fad., while the lowest value was obtained by irrigating at 90% depletion of available soil moisture and water foliar treatment in the first and second seasons in Fig.  2 a and b. Table 5 reported that there was significant interaction between the second factor and the third factor on seed cotton yield/fad during the first and second seasons, according to this respect results shown in Fig. 3 a and b show that soil application of 100% NPK (RD) and foliar application of Algae extracts + amino acids and micronutrients recoded the highest seed cotton yield/fad, while the lowest one was observed with soil application of 50 % NPK from RD and water spraying (control) in both seasons. Table 6 reveal the second order interaction between irrigation regimes, and NPK rates and foliar application. Whereas, irrigation at 50% depletion of available soil moisture, soil application of at 100% NPK (RD) and foliar application of Algae extracts + amino acids and micronutrients recoded the highest mean value of seed cotton yield/fad., meanwhile irrigation at 90% depletion of available soil moisture and soil application of 50% NPK (RD) and foliar application of water (control) gave the lowest value of seed cotton yield/fad., in both seasons.
Results in
Conclusion
Growth and yield of cotton were affected by water stress by using NPK fertilization and foliar application. The highest value of growth, yield characters were achieved under irrigation regime (50% depletion of available soil moisture) and recommended dose of NPK and foliar application of Algal extracts + amino acids + micronutrient) under Nubaria conditions.
